Searching PA J 1/2 



PATENT ABSTRACTS OF JAPAN 

(1 1 )Publication number : 08-1 1 2896 

(43)Date of publication of application : 07.05.1996 



(51)IntCL 



B41J 2/045 
B41J 2/055 
B41J 2/16 
HG1L 41/08 



(21) Application number : 07-214600 

(22) Date of filing : 23.08.1995 



(71) Applicant : SEIKO EPSON CORP 

(72) Inventor : HASEGAWA KAZUMASA 

SHIMADA KATSUTO 



(30)Priority 

Priority number : 06201086 



Priority date : 25.08.1994 Priority country : JP 



(54) UQUID JET HEAD 

(57)Abstract: 

PURPOSE: To restrain an electrode from separating 
from its neighboring layer by making the thickness of a 
lead-containing piezoelectric film which forms a 
piezoelectric element larger than a specified value and 
the thickness of a tank layer between a vibrator and a 
lower electrode larger than a specified value in a 
mechanism of driving a piezoelectric element, deflecting 
a vibrator, and jetting out a liquid in a liquid chamber 
through a nozzle. 

CONSTITUTION: A space which becomes a liquid 
chamber 102 is provided in the first substrate 101 which 
is comprised of a single crystal silicon, and a main 
diaphragm 202 as a diaphragm 103 and a silicon oxide 
layer 201. and a tantalum layer 203 which contains 
tantalum oxides are formed on the liquid chamber 102, A 
piezoelectric element which is comprised of a lower 
electrode 104, a piezoelectric film 105 and an upper 
electrode 1 06 is formed on the tantalum layer 203. The 
first substrate 101 is bonded with the second substrate 

where a liquid channel is formed, and an opening as a nozzle is formed at the Joint, 
communicating the liquid chamber 102 with the liquid channel. The piezoelectric film 
lead-containing piezoelectric film with a thickness of 1|am or more and the tantalum 
1100 angstroms or more in thickness. 




105 is a 
layer 203 is 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3,In the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The injection head which is characterized by providing the following and which makes a 
liquid inject from a detailed nozzle. The single crystal silicon substrate in which the liquid room 
for holding the liquid which this head should carry out - injection was formed. - The nozzle which 
is open for free passage in the aforementioned liquid room. - The diaphragm formed on the 
aforementioned liquid room. - The lower electrode and upper electrode the piezoelectric film 
which comes to contain the lead formed on the aforementioned diaphragm, and whose 
piezoelectric film of its are pinched. 

[Claim 2] The fluid injection head according to claim 1 which the aforementioned diaphragm 
becomes from silicon, a silicon compound, a zirconia, an alumina, or a zirconium nitride. 
[Claim 3] The fluid injection head according to claim 1 or 2 which is a layer in the state where 
the crystal phase with the oxide by which the aforementioned tantalum layer is expressed in the 
empirical formula of TaPbyOx as tantalum oxide is intermingled. 

[Claim 4] The fluid injection head according to claim 1 or 2 which is the thing in which come to 
prepare the first interlayer between the bottom electrode of the above, and the aforementioned 
tantalum layer, and this first interlayer comes to contain the oxide of an alloy with a tantalum, a 
platinum group, or titanium coming [ titanium oxide, a chrome oxide, nickel oxide, or a tungstic 
oxide ]. 

[Claim 5] The fluid injection head according to claim 4 whose thickness of the first interlayer of 
the above is 500A or less. 

[Claim 6] The fluid injection head according to claim 4 whose aforementioned platinum group is 
what is chosen from the group which consists of a ruthenium, a rhodium, palladium, an osmium, 
iridium, and platinum. 

[Claim 7] The fluid injection head according to claim 1 or 2 which are the metal with which it 
comes to prepare the second interlayer between the bottom electrode of the above, and the 
aforementioned piezoelectric film, and this second interlayer is chosen from a tantalum, nickel, 
and a platinum group coming [ titanium oxide ], and the thing which comes to contain the oxide 
of an alloy with titanium. 

[Claim 8] The fluid injection head according to claim 7 whose thickness of the second interlayer 
of the above is 200A or less. 

[Claim 9] The fluid injection head according to claim 7 or 8 whose crystalline structure of the 
aforementioned piezoelectric film is the thing which uniform globular form crystal grain comes to 
constitute. 

[Claim 10] The manufacturing method of the silicon substrate in which the piezoelectric device 
used for the injection head which is characterized by providing the following, and which makes a 
liquid inject from a detailed nozzle was formed, (a) The process which forms a diaphragm on a 
single crystal silicon substrate, (b) It is a metal tantalum layer on this diaphragm. Lower 
electrode. And it is [ the process which carries out the laminating of the piezoelectric film 
precursor to order, and forms it in it, and ] oxygen about the single crystal silicon substrate (c) 
Obtained. 

[Claim 11] In the aforementioned process (b). the laminating of the first interlayer is further 
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carried out on a metal tantalum layer, and the laminating of the lower electrode is carried out on 
this first interlayer. here The first interlayer of the above Titanium oxide, a chrome oxide, nickel 
oxide, or a tungstic oxide, Or the method according to claim 10 of being the layer which comes 
to contain the metal chosen from the group which becomes a tantalum, a platinum group or an 
alloy with titanium, and a row from titanium, chromium, nickel, and a tungsten coming [ the oxide 
of an alloy with a tantalum, a platinum group, or titanium ]. 

[Claim 1 2] The way according to claim 1 1 the thickness is 500A or less when the first interlayer 
of the above by whom a laminating is done is the thing which comes to contain titanium oxide, a 
chrome oxide, nickel oxide, or a tungstic oxide, and the thickness is 200A or less when it is the 
layer which comes to contain the metal chosen from the group which the first interlayer of the 
above by whom a laminating is done becomes from titanium, chromium, nickel, and a tungsten. 
[Claim 1 3] The method according to claim 1 0 of being the layer in which the laminating of the 
second interlayer is further carried out on a lower electrode, the laminating of the piezoelectric 
film precursor is carried out on this second interlayer in the aforementioned process (b), and the 
second interlayer of the above comes to contain the oxide of the alloy of a tantalum, nickel and 
the metal with which it is chosen from a platinum group, and titanium here coming [ titanium 
oxide ]. 

[Claim 14] The way according to claim 13 the thickness of the second interlayer of the above by 
which a laminating is carried out is 200A or less. 

[Claim 1 5] It is the manufacturing method of a fluid injection head given in any 1 term of claims 
1-9. The process which forms the space which serves as a liquid room by removing the silicon of 
the position corresponding to the lower part of the piezoelectric film by which the silicon 
substrate obtained by the method of a publication was formed in any 1 term of claims 10-14, 
And the method of coming to contain the process which closes the space which should serve as 
the aforementioned liquid room while joining the silicon substrate in which the aforementioned 
space was formed, and the second substrate and making the aforementioned liquid room open 
for free passage a nozzle and the liquid supply system which supplies the liquid which should be 
injected to the aforementioned liquid room. 

[Claim 16] A fluid injection head given in any 1 term of claims 1-9 used for ink-jet record. 
[Claim 17] The Inkjet printer which comes to prepare the fluid injection head of a publication for 
any 1 term of claims 1-9. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

Background of the Invention] 

The field this invention of invention relates to the fluid injection head which can especially be 
used as an ink-jet recording head about the fluid injection head used suitable for a fluid injection 
recording device. 

[0002] The fluid injection recording device represented by the background technical ink-jet 
recording head makes the ink of the liquid interior of a room inject from a nozzle by having a 
liquid room, a nozzle, the fluid injection head that has liquid passage, and an ink supply system, 
and giving energy to the ink constituent currently filled in the liquid interior of a room. This 
injected ink constituent is made to adhere to a record medium, and a character, image 
information, etc. are recorded. Generally a means to pressurize the liquid interior of a room, 
using a piezoelectric device as a means to give energy to an ink constituent, or a means to heat 
liquid indoor ink using a heater is known. 

[0003] Let composition of a piezoelectric film be the three-component system which generally 
added the third component to the binary system which makes titanic-acid lead zirconate (PZT) a 
principal component, or PZT. 

[0004] The piezo-electricity / electrostriction membrane type actuator with which the laminating 
of the first electrode layer, a piezoelectric film, and the second electrode layer was carried out 
one by one, and they were formed in this substrate, for example using the RASEMIKKUSU 
substrate which contains a lead element in JP,4-12678,A as an example of the piezoelectric film 
considered for application on a fluid injection head to be possible are indicated. Moreover, the 
piezo-electricity / electrostriction membrane type element which becomes JP,5-97437,A from 
the ceramic substrate of thin meat, and the electrode, and the piezo-electricity / 
electrostriction layer prepared on this ceramic substrate are indicated, when forming a fluid 
injection head using technology given in these official reports, it is shown in JP,5-97437,A — as 
— a substrate thin-walled part — a diaphragm — carrying out — the space of the lower part — 
a liquid room — then, it is good 

[0005] However, since the element given in these official reports uses the ceramic substrate, it 
is difficult for it to make the size and thickness of a thin-walled part small. Consequently, 
densification of the nozzle of a fluid injection head is carried out using these elements, and, 
generally it can be said to be difficult to realize the picture of high resolution. Furthermore, the 
ceramic substrate is expensive and, also economically, these elements are hard to be referred to 
as advantageous. 

[0006] Moreover, the thin film capacitor of the structure which carried out the laminating of the 
first electrode which becomes JP,5-47587,A from the conductor which contains silicon on a 
substrate, the second electrode which comes to contain tantalum oxide, a platinum electrode, a 
dielectric film, and the upper electrode one by one is indicated. Moreover, the element with the 
piezoelectric film set to Japanese Journal of Applied Physics Part 1.1993, Vol.32, No.9B, and 
4144-4146 from titanic-acid lead zirconate (PZT) with a thickness of about 2300A which carried 
out the laminating of a silicon-dioxide layer, 500A of tantalum layers, 500A of titanium layers, and 
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the 2000A of the platinum layers, and was further formed of the sol gel process on the single 
crystal silicon substrate is indicated. 

[0007] this invention person etc. tried manufacture of a fluid injection head using the element 
given [ these ] in reference. Consequently, it checked that a cavity will be formed in the silicon- 
dioxide layer which often constitutes a diaphragm. Furthermore, ablation of an electrode layer 
was further observed between the electrode and the piezoelectric film between the electrode 
and the tantalum layer by the case. These lower the yield of manufacture of a fluid injection 
head, and spoil the reliability of a fluid injection head. 
[0008] 

[Summary of the Invention] This invention persons found out that it could suppress because 
formation of the cavity in the silicon dioxide which constitutes the above-mentioned diaphragm 
this time controls the thickness of a tantalum layer. Moreover, this invention person etc. found 
out that the ablation from the layer which the above-mentioned electrode adjoins could be 
suppressed by making a specific layer intervene. 

[0009] Therefore, this invention is reliable and sets offer of a fluid injection head excellent in the 
performance as the purpose. 

[0010] Furthermore, this invention sets offer of the manufacturing method of a fluid injection 
head which can manufacture a fluid injection head by the high yield as the purpose. 
[001 1] And the injection head which makes the liquid by this invention inject from a detailed 
nozzle - Single Crystal Silicon Substrate in which Liquid Room for Holding Liquid Which Should 
be Injected was Formed, - Nozzle Which is Open for Free Passage in the Aforementioned Liquid 
Room, and Diaphragm Formed on the - Aforementioned Liquid Room, - Piezoelectric Device 
Which Consists of a Lower Electrode Piezoelectric Film Which Comes to Contain Lead Formed 
on the Aforementioned Diaphragm, and whose Piezoelectric Film of Its are Pinched, and an 
Upper Electrode. And by coming to have the tantalum layer which comes to contain the tantalum 
oxide prepared between the - aforementioned diaphragm and the bottom electrode of the above, 
driving the aforementioned piezoelectric device, sagging a diaphragm, and changing the volume of 
a liquid room that whose aforementioned tantalum layer thickness the liquid in the 
aforementioned liquid interior of a room is made to inject outside through a nozzle, and the 
thickness of the aforementioned piezoelectric film is 1 micrometers or more, and is 1100A or 
more — it comes out 

[0012] moreover, the thing by which the fluid injection head by this invention comes to prepare 
an interlayer further between the tantalum layer of the above-mentioned fluid injection head, and 
a lower electrode, or between a lower electrode and a piezoelectric film — it comes out 
[0013] Moreover, the process which is the manufacturing method of the silicon substrate in 
which the piezoelectric device used for the above-mentioned fluid injection head by this 
invention was formed, and forms a diaphragm on (a) single crystal silicon substrate, (b) The 
process which carries out the laminating of a metal tantalum layer, a lower electrode, and the 
piezoelectric film precursor on this diaphragm at order, and forms, (c) The process which heats 
the obtained single crystal silicon substrate under the atmosphere containing oxygen, is made to 
crystallize the aforementioned piezoelectric film precursor, and forms a piezoelectric film, (d) In 
the above-mentioned process (b). an interlayer is formed between a tantalum layer and a lower 
electrode or between a lower electrode and a piezoelectric film precursor by the case coming 
[ the process which forms an upper electrode on the aforementioned piezoelectric film ], and the 
thing whose aforementioned tantalum layer thickness the thickness of the piezoelectric film after 
the process which forms the aforementioned piezoelectric film is 1 micrometers or more, and is 
1 100A or more — it comes out 

[0014] Furthermore, the manufacturing method of the fluid injection head by this invention The 
process which forms the space which serves as a liquid room by removing the silicon of the 
position corresponding to the lower part of the piezoelectric film in which the silicon substrate 
obtained by the above-mentioned method was formed, and the process which closes the space 
which should serve as the aforementioned liquid room while joining the silicon substrate in which 
the aforementioned space was formed, and the second substrate and making the aforementioned 
liquid room open for free passage a nozzle and the liquid supply system which supplies the liquid 
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which should be injected to the aforementioned liquid room — ** — the thing which it comes to 

contain — it comes out 

[0015] 

[Detailed Description of the Invention] 

The fluid injection head by the fluid injection head this invention is explained using a drawing. In 
addition, it sets all over drawing, membranous thickness and a membranous size are expanded or 
reduced for explanation, and the ratio of each size is not exact. 

[0016] Drawing 1 is the perspective diagram of the fluid injection head in the example of this 
invention. It comes to prepare the space used as the liquid room 102 in the first substrate 101 
which consists of single crystal silicon, and comes to form in it the tantalum layer 203 which 
contained tantalum oxide further first on this liquid room 102 with the oscillating back shroud 
202 as a diaphragm 103, and the oxidization silicon layer 201. Furthermore, a piezoelectric device 
is formed on this tantalum layer 203, and this piezoelectric device consists of the lower 
electrode 104, a piezoelectric film 105, and an upper electrode 106. The first substrate 101 has 
the second substrate 107 in which the liquid passage 108 was formed joined, and the opening 
109 as a nozzle is open for free passage to a part for this joint through the liquid room 102 and 
the liquid passage 108, and it comes to form it in it. 

[0017] The expanded sectional view of the layer structure furthermore prepared the first 
substrate 101 of the fluid injection head of drawing 1 and on it is drawing 2 . 
[0018] This fluid injection head operates as follows. If voltage is impressed between the lower 
electrode 104 and the upper electrode 106, the piezoelectric device and diaphragm 103 which 
consist of the lower electrode 104, a piezoelectric film 105, and an upper electrode 106 will 
deform and bend, and the volume of the liquid room 102 will be decreased. Consequently, the 
liquid which it is full of in the liquid room 102 pushes on the liquid passage 108, and a liquid is 
injected from **** and a nozzle 109. 

[0019] In this invention, it is the piezoelectric film in which the above— mentioned piezoelectric 
film 105 comes to contain lead, and comes to make 1 micrometers or more of the thickness into 
the range of 1-5 micrometers more preferably. Furthermore, in this invention, it comes to make 
1100A or more of about 1 200-1 OOOOA of thickness of the above-mentioned tantalum layer 203 
into 1200-3000A more preferably. By setting thickness of a piezoelectric film to 1 micrometers 
or more, the fluid injection head in which high-density fluid injection is possible is obtained. For 
example, the fluid injection head which becomes printable [ high resolution (for example, 360 or 
more dpi) ] in the ink-jet record method is obtained. Furthermore, according to the experiment of 
this invention persons, as a result of making thickness of the tantalum layer 203 into 1 100A or 
more, it turns out that generating of the cavity in a diaphragm 103 can be prevented effectively, 
[0020] In this invention, the thing which comes to contain lead 20 atoms several % or more more 
preferably more than 18 several % (atomic %) atoms is desirable as a piezoelectric film which 
comes to contain lead. What makes a principal component a lead titanate and the titanic-acid 
lead zirconate (PZT) called so-called binary system as an example with a desirable piezoelectric 
film is mentioned. What has the composition expressed with the following formula as a more 
desirable example is mentioned. 

[0021] Pb(ZrX Til-X) 03+YPbO (here, it is 0.40<=X<=0.6 and 0<=Y<=0.3) 

Moreover, the third component (for example, magnesium niobic-acid lead) may be further added 
to the above PZT with which the thin film piezo-electric-crystal element by this invention is 
called so-called three-component system. What is expressed with the following formula as a 
desirable example of three-component system is mentioned. 

[0022] PbTia Zrb c 0(Ag Bh)3+ePbO+(fMgO) n (here. A) The divalent metal or Sb chosen from 
the group which consists of Mg, Co, Zn, Cd, Mn, and nickel, The trivalent metal chosen from the 
group which consists of Y, Fe, Sc, Yb, Lu, In, and Or is expressed. B The metal of 6 ** chosen 
from the group which consists of a metal of the pentavalence chosen from the group which 
consists of Nb, Ta, and Sb, or W and Te is expressed Moreover, although it is a+b+c=1, 
0.35<=a<=0.55, 0.25<=b<=0.55, 0.1<=c<=0.4, 0<=e<=0.3, 0<=f<=0.15c, g=h=1/2, and n= 0 however, 
the case where g expresses one third, and h expresses two thirds, and A expresses Mg, and B 
expresses Nb when A expresses a trivalent metal, B does not express the metal of 6 **, A 
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expresses a divalent metal and B expresses a pentavalent metal — as long as — n expresses 1 
As a more desirable example of three~component system, A expresses Mg, B expresses Nb, g 
expresses one third, and the thing to which h expresses two thirds is mentioned, 
[0023] Also in the above-mentioned composition, as described above, Lead Pb is 20 atoms 
several % or more preferably [ containing 18 atoms several % or more under the composition, and 
becoming], and more preferably. 

[0024] Furthermore, when A expresses Mg and B expresses Nb, evaporation of PbO under heat 
treatment is prevented, and a reaction with Si substrate is suppressed because MgO is in the 
above-mentioned range. Furthermore, existence of MgO stabilizes the perovskite phase which 
raises a piezo-electric property. 

[0025] Furthermore, even if it is in any of these binary system and three-component system, in 
order to improve the piezo-electric property, Ba, Sr, La, Nd. Nb, Ta, Sb, Bi, W, Mo, calcium, etc. 
of a minute amount may be added. Especially, if it is in three-component system, addition of Sr 
not more than 0.10 mol % and Ba is desirable for an improvement of a piezo-electric property. 
Moreover, since addition of Mn not more than 0.10 mol % and nickel improves the degree of 
sintering if it is in three-component system, it is desirable. 

[0026] As for an oscillating object, in this invention, it is desirable to consist of silicon or a 
silicon compound. In the mode shown in drawing 1 , it comes to consist of diaphragms 103 an 
oxidization silicon layer 201 and an oscillating back shroud 202. As a desirable example of the 
oscillating back shroud 202, the layer which doped boron and was obtained is mentioned to 
silicon. As an amount of the dope of boron, about [ 5x1019 to 5x1 020cm - ] three are desirable, 
and the thickness has desirable about 0.2-3 micrometers, and it is about 0.5-1 micrometer more 
preferably. Moreover, according to another desirable mode of this invention, a diaphragm may be 
formed from a zirconia, an alumina, and a zirconium nitride. Moreover, the laminating of the layer 
of these quality of the materials is carried out on the layer of silicon or a silicon compound, and 
it may be formed with a diaphragm. 

[0027] Moreover, the thickness of the oxidization silicon layer 201 has desirable about 1.0 
micrometers or less, and it is about 0.5 micrometers or less^more preferably. 
[0028] Moreover, it is a layer in the state where the crystal phase of tantalum oxide and the 
oxide expressed with the empirical formula of TaPbyOx is intermingled preferably, in the tantalum 
layer 203 containing tantalum oxide. Although a diacid-ized tantalum, tantalum pentoxide, and 
those phases are mixing tantalum oxide, it is tantalum pentoxide preferably. Before this tantalum 
layer sinters a piezoelectric film precursor so that a postscript may be carried out, it is 
preferably formed as a metal tantalum layer. And a metal tantalum is changed into tantalum oxide 
and the oxide expressed with the empirical formula of TaPbyOx by the lead which oxidized and 
has been diffused from the piezoelectric film precursor in case a piezoelectric film precursor is 
sintered in the atmosphere containing oxygen. A tantalum layer makes the thickness increase 
before and behind the process of this sintering. In this invention, the thickness after 
crystallization of a piezoelectric film is completed as tantalum layer thickness is 1 100A or more 
is meant. And generating of the cavity observed in a silicon-dioxide layer which was described 
above by preparing a tantalum layer from which the thickness after this crystallization becomes 
1100A or more is prevented effectively. Although this reason is considered as follows, it does 
not mean that this invention is interpreted by this in limitation. It was thought that the cavity in 
the above-mentioned oxidization silicon layer was produced as a result of lowering the melting 
point of oxidization silicon and liquefied oxidization silicon s blowing off outside, when the lead 
which has been diffused from the piezoelectric film precursor in crystallization process according 
to analysis of the morphosis, such as this invention person, invaded into the oxidization silicon 
layer. It was found out that it is able to prevent leaden diffusion in a tantalum layer and to make 
it not to result to an oxidization silicon layer by making a tantalum layer exist more than a 
certain thickness on the other hand. If the melting point of oxidization silicon will not fall below 
to crystallization temperature at least even if there is a leaden invasion, since it is thought that 
prevention of generating of a cavity is possible, prevention of an invasion in the oxidization 
silicon layer of the lead by this tantalum layer does not need to be performed completely. 
However, in order to obtain the piezoelectric film of a good property, it is desirable to crystallize 
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a piezoelectric film precursor at an elevated temperature to some extent Therefore, as for an 
invasion in a leaden oxidization silicon layer, preventing as much as possible is desirable, and. 
generally being prepared thickly can say that tantalum layer thickness is desirable in the range 
which does not spoil the performance of a fluid injection head The desirable thickness is as 
having described above. 

[0029] Moreover, the lower electrode 104 and the upper electrode 106 which form a 
piezoelectric device in this invention can use what is commonly used as an electrode of a 
piezoelectric device, for example, can use gold for platinum and a platinum-alloy row preferably. 
Although the thickness may be determined suitably, about 0.05-2 micrometers is desirable. 
[0030] According to the desirable mode of this invention, it comes to prepare the first interlayer 
between a lower electrode and a tantalum layer. By making this first interlayer exist, the 
adhesion of a lower electrode and a tantalum layer is improved and exfoliation with a lower 
electrode and a tantalum layer can be prevented effectively. The cross-section enlarged view of 
a fluid injection head with which the first interlayer was prepared is as being shown in drawing 3 . 
and the first interlayer is a layer shown by 210 all over drawing. According to the desirable mode 
of this invention, this first interlayer comes to contain titanium oxide, a chrome oxide, nickel 
oxide, or a tungstic oxide. Furthermore, according to the desirable mode of another this 
invention, this first interlayer comes to contain the oxide of an alloy with a tantalum, a platinum 
group, or titanium. Here, a ruthenium, a rhodium, palladium, an osmium, iridium, and platinum are 
mentioned, and the platinum group of platinum is desirable. Alloy composition with a tantalum and 
platinum is 80:20 to about 5:95 preferably. When a lower electrode consists of platinum, an about 
[ tantalum:platinum =30:70 ] alloy is one of the most desirable things from a viewpoint of 
improvement in the adhesion. 

[0031] Suppose that the meaning which includes not only when the metal itself which 
constitutes a layer "it comes [ a metal with a layer ]" exists as a layer in this specification, but 
the case where it exists in the state where invade into the layer which a metal approaches, and 
the layer which distributes or adjoins mutually, and a clear layer is not constituted uses. 
Therefore, although this first interlayer s thickness may be unable to be specified clearly, it is 
about 50-200A preferably [ considering as 500A or less ], and more preferably. 
[0032] According to the mode with a still more desirable this invention, it comes to prepare the 
second interlayer between a lower electrode and a piezoelectric film. By making this second 
interlayer exist, the adhesion of a lower electrode and a piezoelectric film is improved and 
exfoliation of a lower electrode and a piezoelectric film can be prevented effectively. The cross- 
section enlarged view of a fluid injection head with which the second interlayer was prepared is 
as being shown in drawing 4 , and the second interlayer is a layer shown by 220 all over drawing. 
In addition, the first interlayer 210 and second interlayer 220 may be prepared simultaneously, 
and such a fluid injection head is also included by this invention. According to the desirable mode 
of this invention, this second interlayer comes to contain titanium oxide. Moreover, according to 
the desirable mode of another this invention, this second interlayer comes to contain the oxide 
of the alloy of a tantalum, nickel and the metal chosen from a platinum group, and titanium. Here, 
the meaning of what "is become including a metal with a layer" is as having described above. 
Moreover, although the thickness may be unable to be clearly defined in the second interlayer, in 
the manufacturing method which carries out a postscript, it is in the state before crystallization 
of a piezoelectric film, and is about 50-1 OOA preferably [ considering as 150A or less ], and more 
preferably. 

[0033] The result as a result of preparing this second interlayer, except that the adhesion of a 
lower electrode and a piezoelectric film has been improved, that the crystalline structure of a 
piezoelectric film is also unexpectedly made into uniform globular form crystal grain was 
obtained. And the improvement of the voltage distortion constant d31 of the piezoelectric device 
in the fluid injection head by this invention was found. Drawing 5 (a) is the cross-section 
extention mimetic diagram of the crystalline structure of the piezoelectric film in the fluid 
injection head by this invention. The uniform globular form crystal grain 501 comes to consist of 
piezoelectric films 105 the second interlayer s 220 interface. On the other hand, drawing 5 (b) is 
the cross-section extention mimetic diagram of the crystalline structure of a piezoelectric film in 
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case the second interlayer 220 does not exist. Here, the pillar-shaped crystal grain 502 of 
thickness fixed from the interface of the lower electrode 1 04 is formed, and, as for a 
piezoelectric film 105. it comes to form the globular form crystal grain 501 in the upper part. 
[0034] The fluid injection head by this invention can be used, for example in the following modes. 
Drawing 6 is the conceptual diagram of the mounting structure of the fluid injection head by this 
invention, the first substrate 101 in which the piezoelectric device and the liquid room were 
formed, and the second substrate 107 in which the liquid passage 108 was formed — joining — a 
nozzle 109 and liquid introduction — a hole 304 is formed liquid introduction — a hole 304 side 
is surrounded by the substrate 301. and the liquid room 303 is formed A liquid is supplied to this 
liquid room 303 from the exterior. A base material 301 is attached in the mounting substrate 302. 

[0035] Moreover, drawing 7 (a) and (b) are the plans and cross sections of an actual use mode of 
a fluid injection head by this invention. The fluid injection head in drawing forms a nozzle 401 in 
the second substrate 107 in which the liquid passage 108 was formed, and has composition 
which joined the first substrate 101. By considering as such composition, it becomes possible to 
arrange the liquid room 102 alternately, as shown in drawing 4 (a), and to arrange a nozzle 401 on 
a straight line moreover. Therefore, when the array pitch of a nozzle 401 can be made into the 
half of the array pitch of the liquid room 102 and a liquid room size is set to 100 micrometers, it 
becomes possible to arrange a nozzle by the density of about 400 dips. That is. it is 
advantageous at the point whose further densification of a nozzle becomes possible. 
[0036] The manufacturing method of the fluid injection head by this invention is explained to the 
manufacture pan of a fluid injection head below. Drawing 8 (a), (b), and (c) are the cross sections 
showing a manufacturing process until ft forms a piezoelectric device and a liquid room in the 
first substrate 101. In addition, in this cross section, a direction perpendicular to space turns into 
the depth direction of a liquid room. 

[0037] The first substrate 101 which consists of single crystal silicon is heated and oxidized 
thermally in temperature of about 1100-1200 degrees C, and the oxidization silicon layer 201 
with a thickness of about 3000-5000A is formed in both sides of a substrate 101. Next, the lower 
part of the oxidization silicon layer 201 is made to diffuse boron at 1000 degrees C from one side 
of a substrate 101, and the oscillating back shroud 202 is formed. A photoresist film is formed in 
both sides of the obtained substrate 101, and opening is prepared in the front face of an 
opposite side the side which formed the diaphragm 103. Opening is processed for the oxidization 
silicon layer 201 in fluoric acid and the solution of an ammonium fluoride, and opening 204 is 
formed. 

[0038] Then, the first interlayer 210 and/or the second interlayer 220 are formed on the 
oxidization silicon layer 201 of the first substrate 101 by the tantalum layer 203. the lower 
electrode 104 and the piezoelectric film 105, and also the case. These formation may be 
performed using the various thin film production technique used commonly. As the technique of 
desirable thin film production, the sputtering method, a chemical-vapor-deposition (CVD) 
method, a sol gel process, etc. are mentioned. 

[0039] Even if it forms the layer which comes to contain the metal chosen from the group which 
consists of a tantalum, a platinum group, an alloy with titanium or titanium, chromium, nickel, and 
a tungsten as the first interlayer here It oxidizes according to the process of crystallization of a 
piezoelectric film precursor which carries out a postscript, and is changed into the layer which 
finally consists of a tantalum, a platinum group, the oxide of an alloy with titanium or titanium 
oxide, a chrome oxide, nickel oxide, or a tungstic oxide, and layer thickness is made to increase 
in that case. Therefore, when forming the layer which comes to contain a tantalum, a platinum 
group or an alloy with titanium, and the metal chosen from the group which becomes a row from 
titanium, chromium, nickel, and a tungsten in manufacture of a fluid injection head, it is necessary 
to take the increase in layer thickness into consideration, and to consider that it becomes the 
value which final layer thickness described above. When forming the layer which comes to 
contain titanium, chromium, nickel, and the metal chosen from the group which consists of a 
tungsten, the first interlayer 500A or less can be obtained after crystallization of a piezoelectric 
film precursor by considering as 50-200A or less preferably. On the other hand, the layer which 
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comes to contain titanium oxide, a chrome oxide, nickel oxide, or a tungstic oxide does not 
change most of the thickness before and after crystallization of a piezoelectric film precursor. 
Therefore, the thickness may be made into 500A or less in front of the process of crystallization 
of a piezoelectric film precursor. 

[0040] Furthermore, when the layer which it is going to form is an alloy, you may form an alloy 
layer by the plural simultaneous sputtering method and the sputtering method using the alloy 
target of desired composition. You may form the tantalum-platinum-alloy layer which contains 
direct oxygen by the reactive-sputtering method in the atmosphere which furthermore contains 
oxygen gas. 

[0041] Moreover, as for formation of a piezoelectric film, it is desirable to be carried out as 
follows. 

[0042] First a piezo-electric-crystal film procursive amorphous-like body membrane is formed 
by sputtering on an electrode layer (in the case on the second interlayer). using the PZT 
sintered compact of a specific component as a target of sputtering. 
[0043] The precursor of the shape of amorphous [ this ] of a degree is heated, and it 
crystallizes, and is made to sinter. As for this heating, it is desirable to be carried out by dividing 
into two stages into oxygen atmosphere (for example, inside of oxygen or the mixed gas of 
oxygen and inert gas. such as an argon). That is. an amorphous-like precursor is crystallized in 
the first heating process. And the second heating process **** grows up the produced crystal 
grain, and promotes sintering of crystal grain further. Specifically, the first heating process heats 
a procursive body membrane at the temperature of 500-700 degrees C preferably in oxygen 
atmosphere. A procursive body membrane is crystallized by heating. This first heating process 
may be ended when a procursive body membrane crystallizes homogeneously. Then, the second 
heating process heats the crystallized film at 750-1100 degrees C. 
[0044] The first heating process and the second heating process may bo performed 
continuously, and after the first heating process, after cooling a film to a room temperature, the 
second heating process may be performed again. 

[0045] The structure shown in drawing 8 (a) as mentioned above is acquired. 
[0046] After processing the piezoelectric film 105 formed as mentioned above by HOU fluoric 
acid solution, processing the lower electrode 104 by aqua-regia solution further and removing an 
unnecessary portion, the upper electrode 106 is further formed on a piezoelectric film 105, and a 
piezoelectric device is formed. As a result, a substrate serves as structure shown in drawing 8 
(b). 

[0047] On the piezoelectric device of this substrate, the protective coat 204 which consists of a 
photopolymer is formed. If needed, a part of the protective coat is removed, and you may 
consider as an electrode takeoff connection. 

[0048] Then, formation of the liquid room 102 to the substrate in which the protective coat 205 
was formed can be flooded with the solution which can dissolve the silicon substrate 101. for 
example, potassium-hydroxide solution, and can be performed by **********ing the single 
crystal silicon substrate 101 from the opening 204 of the oxidization silicon layer 201. And 
etching removal of the oxidization silicon layer 201 can be carried out in fluoric acid and the 
solution of an ammonium fluoride, and the first substrate of the structure shown in drawing 8 (c) 
can be obtained. 

[0049] The second substrate 107 in which the liquid passage 108 as shown in drawing 1 was 

formed in this first substrate is joined, and a fluid injection head is obtained. 

[0050] In addition, it is desirable to take into consideration the field direction of the crystal of 

the first substrate which consists of single crystal silicon in manufacture of the above fluid 

injection head. About the desirable concrete technique, WO 93/No. 22140 official report has an 

indication. 

[0051] 

[Example] Although this invention is further explained to a detail based on the following 
examples, this invention is not limited to these examples. 

[0052] In addition, unless it refused especially, each size shown in this example at drawing 1 was 
set [ room / liquid / 102 / electrode / lower / 104 / micrometers / L= 100 / andmm / W= 1 5 /, 
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and / piezoelectric film / L1=1 ISmicrometer and W1=17mm. and / 105 ] to Lu=82micrometer 
and Wu=1 5.8mm about Lp=88micrometer and Wp=16mm, and the upper electrode 106. Moreover, 
the cross section of the liquid passage 108 was taken as 40-micrometer angle. 
[0053] The first substrate which consists of single crystal silicon of an one example direction 
(110) was oxidized thermally at 1100 degrees C, and the oxidization silicon layer was formed in 
both sides of a substrate 5000A in thickness. Next, the lower part of an oxidization silicon layer 
was made to diffuse boron at 1000 degrees C from one side of a substrate, and the diaphragm 
was formed. The thickness of an oscillating back shroud set concentration of 1 micrometer and 
boron to 1020cm-3. 

[0054] Next, with the side which prepared the diaphragm, the photoresist was formed in both 
sides of a substrate, the photoresist was removed on the surface of the opposite side, by fluoric 
acid and the solution of an ammonium fluoride, the oxidization silicon layer was 'l^^'K'f^^'l^^^^'i^cd 
and opening was formed. At this time, it is [0055] in the depth direction of opening, i.e., a 
direction perpendicular to space. 
[External Character 1] 
<1 12> 



Or [0056] 

[External Character 2] 
<1 1 2> 



It considers as a direction. After exfoliating a photoresist, the laminating of a tantalum layer, the 
first interlayer, a lower electrode, and the piezoelectric film was carried out to the diaphragm 
side of a substrate as follows at order. That is, on the oxidization silicon layer by the side of a 
diaphragm, by the sputtering method, the metal tantalum was formed at 200, 500, 600, or the 
thickness of 1000A, and 50A of platinum was further formed in the thickness of 2000A for 
titanium after that. 

[0057] Furthermore, RF-sputtering membrane formation was performed without heating of a 
substrate in argon atmosphere, using as a target the sintered compact shown by composition 
Pb0.95Sr0.05Zr0.28Ti0.35Mg0.123 NbO.247 O3+(90-mol%) PbO (ten-mol%). And the piezoelectric 
film precursor with a thickness of 3 micrometers was formed on the substrate. Next, the 
substrate in which the piezoelectric film precursor was formed was sintered at 900 more degrees 
C by 650 degrees C in oxygen atmosphere for 1 hour for 1 hour. Patterning was carried out by 
**********ing a piezoelectric film by hoe fluoric acid solution after sintering, and **********ing 
a lower electrode by aqua-regia solution. 

[0058] Furthermore, patterning of the titanium was carried out as an adhesion layer and an upper 
electrode by the sputtering method on the piezoelectric film by forming 50A in thickness, and 
gold 2000A in thickness, and **********ing them in the solution of iodine and potassium iodide 
after this. 

[0059] On the field in which the piezoelectric device of the obtained substrate was formed, the 
protective coat which consists of a photosensitive polyimide was formed in 2 micrometers in 
thickness, the protective coat of an electrode takeoff connection was removed by development, 
and it heat-treated at 400 degrees C. 

[0060] Next, the field by the side of the piezoelectric device in which the protective coat was 
formed was protected with the fixture, the dipping was carried out to potassium-hydroxide 
solution, anisotropic etching of a single crystal silicon substrate was performed from opening of 
an oxidization silicon layer, and the liquid room 102 was formed. At this time, the field direction 
of a single crystal silicon substrate is (110). and the depth direction of opening is [0061] further. 
[External Character 3] 
<1 12> 

Or [0062] 

[Ejcternal Character 4] 
<Tl 2> 
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Since it is a direction, the field of the side attachment wall which forms the side of the depth 
direction of a liquid room can be made into a field (111). When potassium-hydroxide solution was 
used, the ratio of the etching rate of the field (110) of single crystal silicon and a field (111) 
became about 300:1, was able to suppress side etching to about 1 micrometer, and was able to 
form the slot with a depth of 300 micrometers. Etching removal of the oxidization silicon layer 
which is in contact with the substrate was carried out in fluoric acid and the solution of an 
ammonium fluoride, fixing a substrate to the aforementioned fixture, and the first substrate was 
completed 

[0063] The fracture surface of the first obtained substrate was observed with the scanning 
electron microscope, and the existence of the cavity in tantalum layer thickness and an 
oxidization silicon layer was investigated. The result was as being shown in the 1st next table 
[0064] 
[Table 1] 











20 0 


420 




50 0 


10 00 




600 


12 00 


mL 


1000 


2 100 





Moreover, as a result of carrying out the component analysis of the piezoelectric film by EPMA, 
the lead composition in a piezoelectric film was 18 several % atoms. It was checked that a metal 
tantalum does not exist but the crystal phase of tantalum pentoxide and the crystal phase of a 
tantalum pentoxideHead-oxide compound are furthermore intermingled by the X-ray diffraction 
method when a piezoelectric film is analyzed. 

[0065] By carrying out injection molding of the plastics, it pasted up with liquid passage and the 
second really formed substrate, and the first substrate whose tantalum layer thickness obtained 
as mentioned above is 600 and 1000A was used as the fluid injection head. The fluid injection 
experiment was conducted using this fluid injection head. When applied voltage to a piezoelectric 
film was set to 15V. using a drainage system ink constituent as a liquid, the fluid injection speed 
in the portion into which it separated from the nozzle 5mm in [ any ] the fluid injection head was 
15 m/sec. 

[0066] The first substrate was prepared like the example 1 except having changed the titanium 
layer thickness formed on a tantalum layer before crystallization of example 2 piezoelectric film. 
The fracture surface of the obtained substrate was observed with the scanning electron 
microscope, and the existence [ layer / platinum / which is a lower electrode / this titanium 
layer and ] of exfoliation, and the existence of the irregularity on the front face of a piezoelectric 
film were investigated. The result was as being shown in the 2nd next table 
[0067] 
[Table 2] 



m2Wi 



^^'>®CD@$ (A) 










50 


100 






200 


500 


mL 


ML 


5 0 0 


1000 


ML 




10 00 


1800 


ML 


m 



httn-/ /www4 inrll inn an in /r^m—KIn /-l-r-^n t.iaU r^etl oilier 



onno /'tn /-t A 



10/10 ^— 



The first substrate was further prepared like the example 1 except having made example 3 
tantalum layer thickness into 1000A, having carried out the tantalum-platinum alloy (tantalum : 
platinum 50:50 [ about ]) as the first interlayer, and having carried out the laminating of the 
2000A of the 500A of the platinum as a lower electrode further on the tantalum layer. In addition, 
the tantalum-platinum alloy was formed by carrying out the laminating of 50A of platinum, and 
the 50A of the tantalums by the sputtering method by turns. The piezoelectric film front face 
was observed with the metaloscope 200 times, and the fracture surface of a substrate was 
further observed with the scanning electron microscope. Consequently, exfoliation of a layer, the 
irregularity on the front face of a piezoelectric film, and the cavity in a layer were not observed. 
[0068] The first substrate was prepared like the example 1 except having formed with 2000A of 
platinum as 50A of titanium, and a lower electrode 104 as the example 4 first interlayer, and 
having formed 50A of titanium in the upper part as the second interlayer further. According to 
the X-ray diffraction method about the obtained substrate, the diffraction line from the crystal of 
a titanium dioxide was observed from the portion corresponding to the second interlayer. 
Furthermore, the fracture surface of a substrate was observed with the scanning electron 
microscope. Consequently, ablation of a layer, the irregularity on the front face of a piezoelectric 
film, and the cavity in a layer were not observed. Furthermore, according to observation of an 
operation electron microscope, the piezoelectric film is constituted by uniform globular form 
crystal grain, and pillar-shaped crystal grain was not observed at all. Moreover, the piezo- 
electric distortion constant d31 of the piezoelectric device of this substrate was 170 pC/N. 
[0069] The substrate was prepared like the above except having not formed 50A of titanium as 
the second interlayer for comparison. As a result of observing the fracture surface of the 
substrate with a scanning electron microscope, about 5000A of pillar-shaped crystal grain was 
formed upwards from the interface with a lower electrode, and globular form crystal grain was 
formed in the upper part. Furthermore, the piezo-electric distortion constant dSI of the 
piezoelectric device of this substrate was 150 pC/N. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the perspective diagram of the fluid injection head by this invention. 

[Drawing 2] It is the expanded sectional view of the layer structure of the fluid injection head by 

this invention. 

[Drawing 3] It is the expanded sectional view of the layer structure of a fluid injection head by 
which the first interlayer who improves those adhesion was prepared between the tantalum layer 
and the lower electrode. 

[Drawing 4] It is the expanded sectional view of the layer structure of a fluid injection head by 
which the second interlayer who improves those adhesion was prepared between the lower 
electrode and the piezoelectric film. 

[Drawing 5] As a result of preparing the second interlayer, the crystal structure of a 
piezoelectric film is a ** type view showing the state where it was constituted by uniform 
globular form crystal grain, and drawing 5 (a) is a ** type view where drawing 5 (b) expresses the 
state where pillar-shaped crystal grain was formed in a certain range from the interface with a 
lower electrode, and globular form crystal grain was formed in the upper part as a result of not 
preparing the second interlayer. 

[Drawing 6] It is drawing showing the actual use mode of the fluid injection head by this 
invention. 

[Drawing 7] It is drawing showing another actual use mode of the fluid injection head by this 
invention. 

[Drawing 81 There is drawing 8 in drawing explaining the manufacturing method of the first 
substrate which constitutes the fluid injection head by this invention. Drawing 8 (a) to a silicon 
substrate A diaphragm, an oxidization silicon layer, a tantalum layer, a lower electrode. And it is 
drawing in which the piezoelectric film was formed, and drawing 8 (b) is drawing showing the 
state where the lower electrode, the piezoelectric film, and the upper electrode carried out 
patterning, and is drawing showing the state where drawing 8 (c) formed the space used as a 
liquid room, and the portion of a piezoelectric device was covered by the protective coat 204. 
[Description of Notations] 

101 First Substrate (Single Crystal Silicon Substrate) 

102 Liquid Room 

103 Diaphragm 

104 Lower Electrode 

105 Piezoelectric Film 

106 Upper Electrode 

107 Second Substrate 

108 Liquid Passage 

109 Nozzle 

203 Tantalum Oxide Layer 
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DRAWINGS 
[Drawing 2] 
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^btc, *5l?g^P)(D||g^le:J::jxff, ^>'^J'/v®203 
OKl^dJl 1 0 0:^^^^;=^ hn-i=.KJ,±t $;Jxfc^lP:, 
«l*I)tel 0 3+lc*3(t5^?|5lO^^S:^«()lciPIil:T'#5 

[0 0 2 01 *^?q(c*5l,^T, ^a^r-^^tb-C/ce-SBEmM 
irUXtt, l8?:18®T-©:% (atomic %) J:i9» 

S t J: itti^ i^^fv^/u^^ ^^gfig { p z 

[0 0 2 1] P b (Z r X T i i-x ) O3 + Y P b O 
(rrT\ 0. 40^X^0. 6, O^YgO. 3T-*> 
2>) 

^tifms, ±iaPZTIc^H^^ (0iJ;tti, -^^^ 

[ 0 0 2 2] P b T i a Z rb (Ag Bh ) c O3 + e 
P b 0+ ( f Mg O) n 
(wrX', A(*, Mg. Co, Zn, Cd, Mii, *3<t 

b, Y, Fe, Sc, Yb, Lu, In, *3 j;I>*C r ii^ 

b, Ta, t3j;t>*S bi%>?>/j:2)S*7!)^biM*^^ix-5 5flE(0 

0^«5r*U, *fca + b + c = l, 0. 35^ag 
0. 5 5, 0. 2 5gb^O. 55, 0. IgcgO. 
4, O^e^O. 3, O^f^O. 15c, g = h= l 
/2, ^rLTn = 0-e$>5;!i5, mu. Ad? 3 ffiW^BS: 

2ffl5<7)^JlS:«U, d»oB;!iS5ffi<^^M5r*1-^'&> g 
«il/35:«L, h(42/32r^U, *fcA^5MgiS:« 

t, B/i^NbtgL, g;5Sl/3*«U. ^:UTh^S2 
[0 0 2 3] ±IS<DfflfiS,tC*5l^-C^j, ±taLfcJ;^l-, 



iHSM ¥8-1 12896 



7 

[0 0 2 4] ^P^fJl, A;55MgSr«L. B^SNbSrS-T 
t^. MgO;i5±ISt5ffl»-fe?>::i:T% i^J&a+roPb 

10 0 2 5] ^f>»c, rixb-^^>5S*JJ:t/HfiS;^>5^o 

SOB a. Sr. La, Nd, Nb, Ta, Sb, B 
i. W, Mo, Ca, /.^^;5SigsJP^^^Tt)J:v^ i: !3 1? 

HfiK^J^tCfcoTfiO. 1 0 ^/l^%lilTO S r , B 
aK)S?J!jP;45jIfl;#tt(^)5Jr»(ct iJiif^Ul^, 

:5>»|CfeoTI±0. 1 0 ^/uyotAT^M n , N i ro^AP 

[0 0 2 6] ^^BJli^JlNT^ib^^ttS^^fcliS^'fk 

tc*3i^T, 0 3 jiSE'fiiJ^ma 2 0 i*5j:t;:ii«) 

i^g2 0 2i:*-ib«J5S;$n-C/i5o 2 0 2 (0» 

e/!l5*»f btuSo J}^1>^<D K— T'Wfti: UTttS X 1 0 
19~5 X 1 020cm-3sadSi?* L<. *fc^WJf^« 
0. 2~3iumSadS»*U<. J;l9»4U<ttO. 5 

[0 0 2 7] *fc. ^'fka&m«2 0 ioJi:^i±*^i. 0 

[0 0 2 8] ^'(k^Vi^/W^r-^^Lfc^^'^/l'S 
2 0 3 t(*. L< li®E'^b^5'>'^''^ir^ TaPbyO 

■(lie? y^/K i6i:x/^i%t:>(Dmim^ LTV>5 toT-fe 
fcbXtfefoHcioT, ^{b^Vc?>'l't, TaPbyO 

<Dm^iM^i-^o Lx z(o^^&im<Dm^fi^i lo 

0:i->Vy^ h n-AJ£Jl±t 5 J; ^ /^^ V^'/^SSr^^t 



(5) 

tcisi:. i^^mitmmz.)o\,^xj£mmmmm^hit:mL 

L . ^^k3^ *S * T-M b V ^ J: ^ -f 5 r. t ;6S ^ tfe -C- 
[0 0 2 9] 5^^?gt::*5i/^TJEa;*T-?rJf$fiS;1-S 

T®iii 0 4*5j;u!±®isi 0 6»*. iEmm^<omMt 
vxmm^nx\^^^h(r>i:mm-r^z. ti^x^ . m^it 

T-#S, ^(DM^nm'M.^-^^nxii^^^ijK 0. 0 5 — 
[0 0 3 0] Uv>ffi^lwJ;n(i> TMMt 

nrnm^k^'^^^^it-t^^tii^x^^o n-n^f'S\m*^ 
5t*;?)T-$>9, m'^xy^-<D^mm\-t2 1 ot-tj^^^x 
-cott^rp^s^. mit'^-^y. ^{bi?oA, mt-y^ 

40 A, y-s^v^^'A, :*-:Jt?>^A, -fUvJi^^i*, *5j;0!e^ 
M^tt, iJ4L.<tt80 : 20~5 : 9 5gS-Cfc5. 
0SSO-&^iiS^oS-«i4O|S]±(7)|R^;i^t>*t»* L 
[0 0 3 1 1 *8^^ffl»^-*3^'^T, f®;i5$)5^S5:-gA/ 

xfi^i t\t. m^m^irh^muwtmh\^x^^\. 
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[0 0 3 2] ^t:,\c^^m<r>itt% LV^^^tC J;tt{i, T 

mis h Bnm t(Dm\cw.-<r>'^ fm tmvyhi^xfih, 

T'fot), ia4'T'|gi:»t^^Ffl®«2 2 o-e^$jT;5.St?fc 
So 'ifcN ^-WtTsW 2 1 0 t^-0*FB^e 2 2 0 i: 

~1 0 0;i->'^^;^ bci— Ag^T'fcSo 
[0 0 3 3] rro||-(Dit'FBia<S:^»-^^cig*, TWIli 

roSgfBifm<758>r®*J::^1«^ia-^*>^). ism^i 0 5(4^ 
~0'tr^S2 2 0O#S*^f>— fil''jJ^?f^<7?^fBfti5 0 1 
tcJ;t)«^$nT/^5o 13 5 (b) m~<D'^ 
rsm 2 2 0 dsi¥?£ U'iv^ti-a-rojEffl;8iro*SfB*li^<'3ilirS 
SCIll-cfcSo r r r% jEffifll 10 5 ttrmiS 1 0 

*5j;t;jK^i45?i^^$ixfc^-(7)S« 1 0 1 1 , tS{*?5fiJJS 
1 0 8^s?^^^ixfc^-«S*gl 0 7 tiSrS^-g-U. /X 

/H 0 9 i jiSI*:^A?L 3 0 4 y4S?f$^£$ix5. r^<2^^A?L 
3 0 4ffi!lS:S«3 0 1 T*Oa^. mi^m3 0 Zti^M^il 

5. :iWfSli^^3 0 3(c»4^^fi5*^b^^^**5tt^^^^^>o 
3 0 1 rtnyssffi 3 0 2 iciR ij b^^6o 

[0 0 3 51 4fc. 07 (a) *5J;U' (b) tt, 
8 Sr®^ Ltz$^—(Om^ 1 0 7 tc, / X;U4 0 1 ^Ml^. 



10 

||-roS«l 0 1 ^^'g•Ufc1f^i:^<Co-C^^5<, :i 
(^J;9ifefllfiS;t1"?>r tJCct t), 04 (a) 

10 2 Sr=P,^t*ttc:Baa Ud-fcy X/U4 O l 5r 

4 0 lOgajUfj/^Srffi^l 0 2(Oia?lJf3'5^W*^>t 
-rsrtAST?^, JK^^ffi^rl 0 Ofimt Ufcil^. y 
X/US:4 0 0 d i pSSW^'«T'gafi-r5:i irA^tgi: 

10 [00 3 61 «gfeP&M^-v K(73l^jfe 

Kll^-rSo 0 8 (a) . (b) , tJiO! (c) ^- 

ws^s 1 0 1 \xi')£nm=¥^xiw^%m-^-^x(r>w-& 

[0 0 3 71 **gfB^mA^b?:e5^-<^S«i 0 1^. 
m\ 1 0 0~ 1 2 0 O'CroMSJcJpSftbXl^ffif'flib, S 

^10 iropi®{-/i:^l^3 0 0 o~5 0 0 0 2|->'^;^ h 
D-AwSE-fkS^g 2 0 1 SrJi^^-t-^. S« 1 0 

20 lC0jtffiA^?3*!?*Srl 0 0 0'CT'^'fk3S*a2 0 1<D 
T^fl5^ci£m$■^ir. 2 0 2 ^ff^fifc-fSo 

S«l 0 xnWiWiT-y*- y ^i^^ MWl^ 
1 0 3?rl5!;»tfcfti|i:S*fffiiiro^®(-§^PlfB2r^>t5c IE 
■(1:3^** 2 0 1 <gt*K*3J;05^-fkTi^^=e' AOTk^jg 
X'MPlH54r*iaL., WPgP 2 0 4 

[0 0 3 8] i^v^-c. m-coSffil 0 icoK'ft;S*S2 

0 1±»j:. ^?>^/uS2 0 3, Tmill0 4, ^rbXffi 

m^i 0 5. w\atm^\ci:-oxm-<0'pr^M2 i o*5 

vi^yft. -(k^Mtg^ft (cvD) fi. //uy/ufe/iir 
[0 0 3 9] m-<D<pmmtLX. ^>^f/ut 

40 i^'fk^'^v. Kit^'cA, mt^y^f^. mtitmit'f 
so 20 07i-:yifp^ht>-M.g.yt-r^:itxmn.mw]mw 
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[0 0 4 01 mui^ t-r5i*5^:&x'fe?> 

Affile i !9-a-^«5r?f^^ 

^-g-^e Srff^fifc U T t <t t \ 

[0 0 4 1] ?>cwJ; ^ \^'f!t>^ 

10 0 4 21 4-f> ^^fiS^^fTJPZTj^feii^^r^^^^V^? 
[0 0 4 31 iJi:(Dr(DT^/U7r:^f^»tfIiS*5rJDiftU 

tt^*#ffl^4^T'BrJiE*K<&»* L<f4 500-700 

^-fbUfc^Srr 5 0-110 ox,xtim-r^o 

[0 04 4] 'm-%mTMhm-nmaMt\-i:. 
T^T*5^^X t J; < V *fcm-APfiXe(73», liS:^®* 
XJ^SPbfc^. |gXAP^XS;45^TW^-Ct J:>'\ 

[0 0 4 5] a±tOj;5l-LTE]8 (a) (c:?f;$n'5« 

[0 0 4 6] J^>^±<0J;5^::?^^^^^^fcff«flIl 0 5 5:*; 
*^7k^?«tc J: "9 . ^ b »j:T«M i o 4 ^^tKtK^® 

[0 04 7] r wStgo5jEtt^d=-±lc, «sixlf<at)ti41» 

[0 0 4 8] m^^X. <*^(i2 0 5^J}5fi£UfcS«'-« 

fga 1 0 2 (Dmm-i.. rnxk-mmm^ i o i ^mm'^^ 

^S2 0 1 OBfiP§li2 0 4A-b¥itSf9S^St5l 0 1^: 
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^'(blSS®2 0 1 Sr^Sft^-fbT A WTk^rKX 

^j'f-^^i/|^.*LX> 0 8 (c) tr7j^$^x5«5t<^^- 

[0 0 4 9] r<Z3^-(7?S«^£r, mi\^7f:^ilhX.0^£ 

mi^u^ 1 0 8 i!)m^^ntz.m-<r>&m i o 7 ^rgi-g-^ 

[0 05 0] /<C*3, £i±<OfK<*:Pltt^ :y KO^itl-fcfc 

10 iS.t^(Dim-i\^^\ bi/^A^«)^jfel--:5"'^X 
tt. WO 9 3/2 2 1 4 0-^-i5:a(cM^;S5fc6. 
[0 0 5 1] 

imMm] ^^tm'kUTo^^Mmi^^'^^^x^^Kmfm 

[0 0 5 2] ^icKfr^/iV^KO, **lfe«»J4'»c*3 

i/^X. Ell ^^::^^$^^•5«•-+^fe^^> l 0 2»co^,^XL 
= 1 0 O p m*3J;T/W= 1 Smm. Tft® 1 0 4 ^^:ol/^ 
XL 1 = 1 18 (imioXXPf/l = 1 7mm. JEBWl O 
20 5 ICOV'X L p = 8 8 /I m*3 JctJ^Wp = 1 6 mm, ±fl; 
^11 0 6{::o^^XLu = 8 2 Mm*5j:l/Wu= 1 5. 8 
mmt Lfc. mWm^ 10 8 (D8'rS(*4 0 m m:ft 

[005 3] gife<!^n 

iffi]:^{4 (110) (o^m^mmfi^h^n^m—iDmi^ii 

1 0 O'CX'SftK^kb, S«(OM®l-^'fli3S**^Jl^ 5 
0 0 O;*-^:/^ hn-A?fJ^Lfc„ iJilC, S^(D>i-EA^ 
fjd^e'S?: 10 0 0'CX^'(tEI*SroTg15(-l£tfc^-&. 

30 jgglil o20cm-3i: bfc. 

[0 0 5 4] ?ktc£«roM®(C7;i- h Ui^;^ h€r?f$^ 

[0 0 5 5] 
[ni] 

<1 1 2> 

40 [00 5 6] 
[^2] 

<112> 

^<k;S*®±tc, y :^^^fc»-J:'px. &m^:^ 

^/WS:2 0 0. 5 00, 6 0 0. *fc<ilO0 0^V^^ 

so Jl^tCff^^bfco 
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[0 0 5 71 *I^Pbo.95S ro.05Zro.28T • 

0. 35M g 0. 123 N b 0. 247 O3 ( 9 0 m o 1 %) + P b 

o (iOmoi%) ■Ti7f^^iihm^W^^-fy\'t\. 

Sft^^ll^^-c-e 5 0'C-elI^*rB1^ $ 
5/ ^ ^^-r 5 r -C^^ ^? - - U fc, 

[0 0 5 8] ^h\^m.nm±.\^. ::^^<-y^ v^^^m^x. 

hn-i>., ^LT^5rJ?$ 2 0 0 O:^^^;^ he — -^?f$ 

[0 0 5 91 nibiitcmmo&mm^t^Tf^^^i^f^^-t 

^U. mint's aiuac^S^KSr, g,#l-J:l3Sl'9l^ 
4 0 OtT'SftM®Sr?Tofc„ 
[0 0 6 01 j*S^^?gfifebfcJEIt«?-ffi.i)roffi=Sr 
f&*(cJ; <0^m\^. TK^^k;* y e^i.7k^fStcgii-# u 

^S«w®::^'fi!:^s (110) -cfci?. Mi-^PgP<^^tT 

[0 0 6 1 1 
[^31 

<1 12> 

[0 0 6 2] 
[^41 

<1 12> 

(DffiSr (111) ffit-rsr t^sx'^^o TKffig'fb^l''? 
A7}ci^?K«:ffll^fc#-&> ¥ifeftBI^<0 (110) ffit 
(111) mt(D3Ly'f->-iru- hWJtttS 0 0 : Iff 

f fif^ @ S U fc * * , S^Ktcg^ LT 1/ ^ S ffif-f ksms ^ 



7^ 

[00 6 31 ^%hMz.W,-<OW&OJim^-kiSM.%=i-^ 
^^ic i I? «^ L , 1? > /US ©J? $ *5 J: TJ^i5^t:3S*e 

[0 0 6 41 

[«ll 



j'Vi^^u®*©^* (A) 


S 10 2®®^^ 






200 


4 2 0 


WO 


50 0 


1000 




600 


1200 




1000 


2100 





[0 0 6 51 ±!acDj;^fcbTltib^fc<5'>';5'>'Ue<^J¥ 
$/456 0 0*3J;0^1 0 0 0 hn-ACO^— roS 

KcO:^'{js yX/^/5^b5mm8t^^fcg|5^^T'ro?K^>«W 
iSS(4l Sm/s e c'Cfcofc. 
[0 0 6 61 2 



[0 0 6 71 
[«2l 



* 40 

^2% 



^^ym<!>W^ (A) 










5 0 


100 






2 0 0 


5 0 0 


JIRL 


ML 


5 0 0 


10 0 0 






10 0 0 


18 0 0 


sub 
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/U-^^^^ (^y^/U: Q-^ms 0:50) 5r 5 0 0 
hn-i., $ feJCTtt^St LTa^2 0 0 0^ 

bTt, 2 0 0 is^mmww^ <t BEm^SBSr 
[0 0 6 81 m.mm4 

f^-<D<pmmtl^X^'$'l^5 0:t>'i^^h'o~M.. Til 
<ll 0 4 t UTe^2 0 0 O:^-^^/;^ bn-AiJF^fig 

X«OJE«^^-W/EaMii^3S:fcd 31111 7 0 p C/NT? 
[0 0 6 9] Jt$i5«fc*, IIZKD'f'WS VX(DT^ V 

^(D±.m^mf^f(^^mmf$.^ixx\^^tco 

ic, r<7)S^g(^ffimm^offi®ii;v.:S^d3i«i 5 o p 

[Elffiroffi^/dJlftBJl 

[mi] ;*:^0^fcJ;5t«<?^»IW--5' K<0#4tl,lllT'fo5o 
[1112] ;$:^|^{c:i-5?«{*>!tW-^s' K(Dg^g;gw^W::^^l^'f 

[112] 



(9) 

J6 

tsmxh^o 

[[§13] ^v^'>'^BtTmi®troPp^^-^i^?><^^e$^4?£• 

[04] Tmffii:JEffl;l!ii:<^P«'5t-*i^^<^?e«tt*^S 

[0 5] IDS (a) Ci. |g-roc|3FB^l!!l5|Sntbtufc^ 
10 $il,yc:i^fll^«-r^^l2IT-&9, 0 5 (b) (±. 

&mAmis.^i:itz.ii)im^m-tm^mx'h^o 

[0 6] KW|IEgroffi^<|« 
[0 7] /|s:^B^irJ:5?Si*:'«W-^s' Krogijw^^ro-Kffi 
[08] 08(4*^e«{cJ;5jS*f^''*l=t-^-;' KSr«^i-S 

m-<om^W7^^^m^-r^mx'^'o. ms (a) « 
i6i:-a^s.mM^mss.\.ft.mxh'o . (b) iira 

:^-t-0-Cfoi?, 0 8 (c) (4jS^t/,tS2£rBltrJi5fiS;Uv 
*^oEEfl;mi^<^^^5r«5S^2 0 4 T-®ofc^te4-^-r 

[?f#coijiPj] 

1 0 1 ^-<Dmm (^fefaS^ss) 

10 2 

10 3 ^It^ 

30 1 0 4 TW^ 

10 5 ffiHSM 

1 0 6 ±.nM 

10 7 ^~roS*g 
10 8 fRftJSK 
10 9 y X/P 

2 0 3 mt^^-^'^^M 



[03] 



106 

^105 



105 

105 
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(11) 




(51) Int. CI. 6 mm^ /Trtss#^ F I &mmfj<mm 

HO 1 L 41/08 



H 0 1 L 41/08 



Z 



